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A semiconductor package includes a Wafer having a ?rst 
electrical contact pad integrated into a top surface of the 
Wafer. A through-hole interconnection extends doWnWard 
from a ?rst surface of the ?rst electrical contact pad. A die is 
electrically connected to a second surface of the ?rst electrical 
contact pad. A second electrical contact pad is disposed over 
a surface of the through-hole interconnection. A dielectric 
layer is disposed along a side surface of the second electrical 
contact pad. The Wafer is cut to form a channel portion and a 
connecting portion. An encapsulant is disposed over the die 
and the channel portion, and the Wafer is backgrinded to 
remove the connecting portion and expose the surface of the 
through-hole interconnection. 



Patent Application Publication Dec. 25, 2008 Sheet 1 0f 8 US 2008/0315372 A1 

10 
\ 

18 
\\ 

7////////////¢ 16 
/ I): K K.‘ I / 

20%;: 24 E :/:\20 
.|/. . . 

22 FIG. IA 22 )4 

30 32 30 34 
\ / \ ‘4 

E 

FIG. 1B Q8 

42 40 42 44 
“ / ./ -A 

1 E II 



Patent Application Publication Dec. 25, 2008 Sheet 2 0f 8 US 2008/0315372 A1 

Q 

FIG. 2A 

52 52 52 52 52 52 
\ \ _/ _ / / 
m w l ' ‘I l\\ I m l\\ l I\\ l [\ l l\ ‘ I 

59 

FIG. 2B 

52 52 52 52 52 52 

l\ ‘I l ,1 l\ ‘i |\\/l l\ I l\ /l l\ ‘/\l l\\ l l\ ‘/I 

ma a a 
54 54 54 54 54 54 



Patent Application Publication Dec. 25, 2008 Sheet 3 0f 8 US 2008/0315372 A1 

FIG. 2D 

00 5\ 

FIG. 2F 

FIG. 2E 

00 5.\ 



Patent Application Publication Dec. 25, 2008 Sheet 4 0f 8 US 2008/0315372 Al 



Patent Application Publication Dec. 25, 2008 Sheet 5 0f 8 US 2008/0315372 Al 

\N .UNHN @N wk 3 3. E E OmEDDUQEUUDNiRDUDQMN mm mm mm 

wm wm wm 

cm on mm mm 

mm g cm 1/ mm .qo cm 1/ 



Patent Application Publication Dec. 25, 2008 Sheet 6 0f 8 US 2008/0315372 A1 

80 

6O 82 
l J 

FIG. 4 



Patent Application Publication Dec. 25, 2008 Sheet 7 0f 8 US 2008/0315372 A1 

50 



Patent Application Publication Dec. 25, 2008 Sheet 8 0f 8 US 2008/0315372 A1 



US 2008/0315372 A1 

WAFER LEVEL INTEGRATION PACKAGE 

FIELD OF THE INVENTION 

[0001] The present invention relates in general to semicon 
ductor devices and, more particularly, semiconductor pack 
age devices. 

BACKGROUND OF THE INVENTION 

[0002] Semiconductors, or computer chips, are found in 
virtually every electrical product manufactured today. Chips 
are used not only in sophisticated industrial and commercial 
electronic equipment, but also in many household and con 
sumer items such as televisions, clothes Washers and dryers, 
radios, and telephones.As products become smaller and more 
functional, there is a need to include more chips in the smaller 
products to perform the functionality. The reduction in siZe of 
cellular telephones is one example of hoW more capabilities 
are incorporated into smaller electronic products. 
[0003] As the demand for semiconductor devices With loW 
cost, high performance, increased miniaturization, and 
greater packaging densities has increased, devices having 
multiple dies, such as Multi-Chip Module (MCM) structures 
or similar stacked die structures have been developed to meet 
the demand. MCM structures have a number of dies and other 
semiconductor components mounted Within a single semi 
conductor package. The number of dies and other compo 
nents can be mounted in a vertical manner, a lateral manner, 
or combinations thereof. 

[0004] One such approach is to stack one die on top of 
another die and then enclose the stack of dies in one package. 
The ?nal package for a semiconductor With stacked dies is 
much smaller than Would result if the dies Were each pack 
aged separately. In addition to providing a smaller siZe, 
stacked-die packages offer a number of advantages that relate 
to the manufacturing of the package, such as ease of handling 
and assembly. 
[0005] In a stacked-die arrangement, the dies are Wire 
bonded sequentially, typically With automated Wire-bonding 
equipment employing Well-knoWn thermal compression or 
ultrasonic Wire-bonding techniques. During the Wire-bond 
ing process, the head of a Wire-bonding apparatus applies a 
doWnWard pressure on a conductive Wire held in contact With 
a Wire-bonding pad on the die to Weld, or bond, the Wire to the 
bonding pad on the die. 
[0006] In many cases, stacked-die semiconductors can be 
fabricated faster and more cheaply than several semiconduc 
tors, each having a single die, Which perform the same func 
tions. A stacked-die approach is advantageous because of the 
increase in circuit density achieved and the ability to perform 
differing functionality, e.g., memory, logic, application spe 
ci?c integrated circuit (ASIC), Within the same package. As a 
result, such multiple die package technologies as chip scale 
packaging (CSP), including ball grid array (BGA) and ?ip 
chip (bumped devices), and Wafer level packaging (WLCSP) 
have been implemented. Further integration With passive 
devices using technologies such as System-in-Package (SiP) 
and chip scale module packaging (CSMP) have been com 
monly used. 
[0007] HoWever, the desire to achieve higher integration 
using the various technologies discussed previously gener 
ally causes a ?nal package structure to be either larger in 
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footprint or thicker. Greater integration has generally resulted 
in a tradeoff sacri?ce of package miniaturization. 

SUMMARY OF THE INVENTION 

[0008] Therefore, a need exists for a package that alloWs 
higher integration of devices With differing functionality and 
yet maintains or decreases the package pro?le. 
[0009] Accordingly, in one embodiment, the present inven 
tion is a method of forming a semiconductor package com 
prising the steps of providing a Wafer having a ?rst electrical 
contact pad integrated into a top surface of the Wafer, forming 
a through-hole interconnection extending doWnWard from a 
?rst surface of the ?rst electrical contact pad, electrically 
connecting a die to a second surface of the ?rst electrical 
contact pad, cutting the Wafer to form a channel portion and a 
connecting portion, disposing an encapsulant over the die and 
the channel portion, backgrinding the Wafer to remove the 
connecting portion and expose a surface of the through-hole 
interconnection, disposing a second electrical contact pad 
over the surface of the through-hole interconnection, and 
disposing a dielectric layer along a side surface of the second 
electrical contact pad. 
[0010] In another embodiment, the present invention is a 
semiconductor package comprising a Wafer having a ?rst 
electrical contact pad integrated into a top surface of the 
Wafer. A through-hole interconnection extends doWnWard 
from a ?rst surface of the ?rst electrical contact pad. A die is 
electrically connected to a second surface of the ?rst electrical 
contact pad. A second electrical contact pad is disposed over 
a surface of the through-hole interconnection. A dielectric 
layer is disposed along a side surface of the second electrical 
contact pad. The Wafer is cut to form a channel portion and a 
connecting portion. An encapsulant is disposed over the die 
and channel portion. The Wafer is backgrinded to remove the 
connecting portion and expose the surface of the through-hole 
interconnection. 
[0011] In another embodiment, the present invention is a 
semiconductor package comprising a Wafer having a ?rst 
electrical contact pad integrated into a top surface of the 
Wafer. A through-hole interconnection extends doWnWard 
from a ?rst surface of the ?rst electrical contact pad. A ?rst die 
is electrically connected to a second surface of the ?rst elec 
trical contact pad. A second electrical contact pad is disposed 
over a surface of the through-hole interconnection. A dielec 
tric layer is disposed along a ?rst surface of the second elec 
trical contact pad. A second die is electrically connected to a 
second surface of the second electrical contact pad. The Wafer 
is cut to form a channel portion and a connecting portion. A 
?rst encapsulant is disposed over the die and the channel 
portion. The Wafer is backgrinded to remove the connecting 
portion and expose the surface of the through-hole intercon 
nection. 
[0012] In another embodiment, the present invention is a 
method of manufacturing a semiconductor device comprising 
the steps of providing a Wafer having a ?rst electrical contact 
pad integrated into a top surface of the Wafer, providing a 
through-hole interconnection extending doWnWard from a 
?rst surface of the ?rst electrical contact pad, providing a die 
electrically connected to a second surface of the ?rst electrical 
contact pad, providing a second electrical contact pad dis 
posed over a surface of the through-hole interconnection, and 
providing a dielectric layer disposed along a side surface of 
the second electrical contact pad. The Wafer is cut to form a 
channel portion and a connecting portion. An encapsulant is 
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disposed over the die and the channel portion. The Wafer is 
backgrinded to remove the connecting portion and expose the 
surface of the through-hole interconnection. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1A illustrates an exemplary prior art semicon 
ductor device; 
[0014] FIG. 1B illustrates a ?rst exemplary prior art semi 
conductor substrate; 
[0015] FIG. 1C illustrates a second exemplary prior art 
semiconductor substrate; 
[0016] FIG. 2A illustrates a ?rst step in an exemplary 
method of forming a semiconductor device; 
[0017] FIG. 2B illustrates a second step in the exemplary 
method begun in FIG. 2A; 
[0018] FIG. 2C illustrates a third step in the exemplary 
method begun in FIG. 2A; 
[0019] FIG. 2D illustrates a fourth step in the exemplary 
method begun in FIG. 2A; 
[0020] FIG. 2E illustrates a ?fth step in the exemplary 
method begun in FIG. 2A; 
[0021] FIG. 2F illustrates a sixth step in the exemplary 
method begun in FIG. 2A; 
[0022] FIG. 2G illustrates a seventh step in the exemplary 
method begun in FIG. 2A; 
[0023] FIG. 2H illustrates an eighth step in the exemplary 
method begun in FIG. 2A; 
[0024] FIG. 2I illustrates a ninth step in the exemplary 
method begun in FIG. 2A; 
[0025] FIG. 3 illustrates a ?rst exemplary embodiment of a 
semiconductor device incorporating a ?ip chip integrated 
circuit; 
[0026] FIG. 4 illustrates a second exemplary embodiment 
of a semiconductor device including a plurality of lands; 
[0027] FIG. 5 illustrates a third exemplary embodiment of 
a semiconductor device Where a top surface of an integrated 
die is left exposed; 
[0028] FIG. 6 illustrates a fourth exemplary embodiment of 
a semiconductor device incorporating a heat spreader struc 
ture to provide thermal enhancement; 
[0029] FIG. 7 illustrates a ?fth exemplary embodiment of a 
semiconductor device incorporating an electrical shield 
structure; 
[0030] FIG. 8 illustrates a sixth exemplary embodiment of 
a semiconductor device incorporating a Wire-bonded inte 
grated circuit; and 
[0031] FIG. 9 illustrates a seventh exemplary embodiment 
of a semiconductor device employing package-in-package 
technologies. 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0032] The present invention is described in one or more 
embodiments in the folloWing description With reference to 
the Figures, in Which like numerals represent the same or 
similar elements. While the invention is described in terms of 
the best mode for achieving the invention’s objectives, it Will 
be appreciated by those skilled in the art that it is intended to 
cover alternatives, modi?cations, and equivalents as may be 
included Within the spirit and scope of the invention as 
de?ned by the appended claims and their equivalents as sup 
ported by the folloWing disclosure and draWings. 
[0033] A semiconductor package can be manufactured 
Which takes into account a stacked-die arrangement and 
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serves to alleviate many of the problems previously 
described, While providing increasingly smaller siZes. The 
package can be manufactured more easily and With greater 
ef?ciency than previous packages, resulting in a package With 
loWer overall manufacturing cost. Finally, the reliability of 
semiconductor packages having stacked dies is increased by 
use of the folloWing designs and methods of manufacture. 
[0034] Turning to FIG. 1A, an exemplary prior art semi 
conductor device 10 is illustrated. Device 10 includes a Wafer 
or substrate 12 having a top surface 16 and a bottom surface 
14. A cap 18 is disposed over the top surface to enclose 
electrical component 24. A dielectric liner 20 is disposed 
through a via in Wafer 12 extending from top surface 16 to 
bottom surface 14. The via is ?lled With conductive material 
22 as shoWn. 

[0035] FIGS. 1B and 1C further illustrate various prior art 
embodiments of the via structure. In FIG. 1B, substrate 26 
includes a bottom surface 28 and top surface 34.A conductive 
material 30 is disposed betWeen surfaces 32 disposed in 
trenches in Wafer 26. Similarly, FIG. 1C includes another 
Wafer 36 having a bottom surface 38 and top surface 44, 
Where a conductive material 42 is disposed Within surfaces 40 
Which line the vias in the Wafer. 
[0036] The present invention improves upon such methods 
and techniques as seen in the prior art, to render a semicon 
ductor device Which is smaller in height and footprint, more 
e?icient to manufacture, and results in higher performance. 
[0037] FIG. 2A illustrates a ?rst step in an exemplary 
method of forming a semiconductor device according to the 
present invention. A Wafer 50 has a silicon substrate. Wafers 
and similar substrates 50 can be provided Which vary in siZe 
and depth for a particular application. 
[0038] A second step in the exemplary method of forming 
a semiconductor device begun With FIG. 2A is shoWn in FIG. 
2B. A series of electrical contact pads 52 are formed as 
redistribution layers (RDLs) or ?ex-on-cap (FOC) process. 
FOC involves vertically disposing the solder ball directly 
over an under-bump metalliZation (UBM) Which overlies a 
bonding pad to a Wafer. RDL involves laterally separating the 
location of the solder ball from the Wafer bonding pad, 
although the solder ball remains electrically connected to the 
bonding bad by the RDL track. In either case, pads 52 are 
integrated into a top surface of Wafer 50. 
[0039] A third step in the exemplary method is seen in FIG. 
2C, Where a series of through-hole interconnections 54 are 
formed in substrate 50. The interconnections 54 can be etched 
in the substrate and ?lled With a conductive material, or 
similar techniques can be utiliZed. In various embodiment, 
the through-hole interconnections can extend to depths vary 
ing betWeen thirty to one-hundred ?fty micrometers (um). 
[0040] As a next fourth step in the exemplary method, a ?ip 
chip or similar die 58, such as a Wire-bondable die is attached 
to through-hole interconnections 54. A series of bumps 60 can 
provide electrical connectivity from die 58 to through-hole 
interconnections 54. An optional under?ll material 56 can be 
deposited betWeen die 58 and the top surface of substrate 50. 
[0041] At the conclusion of the fourth step, a series of dies 
58 are electrically connected to a plurality of through-hole 
interconnections 54, Which are partially disposed through 
Wafer 50.Again, as FIG. 2D represents a partial cross-section, 
any number of dies 58 can be provided, in a variety of con 
?gurations to suit particular applications. 
[0042] FIG. 2E represents a ?fth step in the exemplary 
method of forming a semiconductor device. As shoWn, a 
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series of channels, trenches or voids 62 are formed between 
each respective assembly of interconnections 54, pads 52, and 
die 58. The various electrical connections and support mecha 
nisms betWeen dies 58 and interconnections 54 and pads 52 
can include bumps 60 and/ or under?ll material 56. 
[0043] An encapsulant 64 is disposed over the respective 
assemblies as seen in FIG. 2F, Which depicts a sixth step in the 
exemplary method of forming a semiconductor device. 
Encapsulant 64 coats respective surfaces of dies 58, optional 
under?ll material 56, and surfaces of Wafer 50. Each of the 
channels 62 are ?lled With encapsulant 64. Encapsulant 64 
can include polymer materials, organic material, and other 
encapsulating material. Encapsulant 64 provides structural 
support to the various components, e.g., die 58, in the semi 
conductor device. 
[0044] Wafer 50, in a seventh step in the exemplary method 
of forming a semiconductor device depicted by FIG. 2G, 
undergoes a backgrinding operation to remove material from 
a bottom or back portion of Wafer 50. Surface 70 results from 
the backgrinding operation, Where once connecting portions 
of Wafer structure 50 are removed, as denoted by arroW 68. 
Each of the respective assemblies remain connected by a 
layer of encapsulant 64. 
[0045] A bottom surface 66 of through-hole interconnec 
tions 54 is exposed by use of the backgrinding process. As 
seen in FIGS. 2F and 2G, channels 62 are formed to roughly 
correspond to the depth of the plurality of interconnections 
54, so that When the connecting portions of Wafer 50 are 
removed, surfaces 66 of interconnections 54 are exposed. 
[0046] FIG. 2H illustrates a next, eighth step in the exem 
plary method of forming a semiconductor device. A plurality 
of backside pads 72 are electrically connected to surfaces 66 
of interconnections 54. Pads 72 can be formed in much the 
same manner as pads 52, using RDL or FOC, incorporated 
into a top side of Wafer 50 as previously seen. A dielectric 
layer 74 is disposed along the back side or bottom surface 70 
of the Wafer. Dielectric layer 74 is disposed along a side 
surface of pads 72. Layer 74 surrounds and isolates pads 72 
and provides structural support across bottom surface 70 of 
Wafer 50. 
[0047] A series of solder balls 78 can then be attached or 
otherWise coupled and/or connected to each of pads 72 in a 
next, ninth step in the depicted exemplary method of forming 
a semiconductor device. Each of the assemblies can be 
optionally function-tested to determine if respective electri 
cal connections are satisfactorily made. 
[0048] As a ?nal step, each of the respective assemblies 80 
can then be singulated into semiconductor devices 80 as seen 
in FIG. 2I. In one embodiment, the ?nal semiconductor 
device 80 includes balls 78, Which electrically connect semi 
conductor device 80 to another structure. Backside pads 72 
are coupled to through-hole interconnections 54 and to top 
side pads 52. A die 58 is connected to topside pads 52 using 
bumps 60 and anchored by under?ll material 56. 
[0049] In one exemplary method of forming semiconductor 
device 80, a Wafer can ?rst be provided Which has a series of 
?rst electrical contact pads integrated into a top surface of the 
Wafer. A through-hole interconnection can then be formed 
Which extends doWnWard from a ?rst surface of the ?rst 
electrical contact pad. A die can be then attached to a second 
surface of the electrical contact pads. The Wafer can be cut to 
form a channel portion and a connecting portion. An encap 
sulant can then be disposed over the die and the channel 
portion. The Wafer can then undergo a backgrinding process 
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to remove the connecting portion and expose a surface of the 
through-hole interconnection. A second series of electrical 
contact pads can be disposed over the surface of the through 
hole interconnection. A dielectric layer along a side surface of 
the second pads. A ball can be then coupled to the second pads 
to provide electrical connectivity. 
[0050] Turning to FIG. 3, a ?rst exemplary embodiment of 
a semiconductor device 80 incorporating a ?ip chip IC die 58 
is seen. Device 80 can be referred to as a Wafer level integra 
tion package device 80. Device 80 includes such previously 
mentioned structures as pads 52, optional under?ll layer 56, 
bumps 60, encapsulant 64, pads 72, dielectric layer 74, and 
balls 78. 

[0051] In addition to the aforementioned structures, device 
80 includes a passive component 82 such as a ?lter, balun, 
inductor, capacitor, resistor, or a similar electrical device 82, 
Which is integrated into device 80 and electrically connected 
to the device through a portion of pads 52 as shoWn. The 
embedded passive component can perform such functionality 
as providing capacitance, inductance, resistance, or a combi 
nation of functions. 

[0052] The Wafer structure 50 in the instant embodiment 
incorporates a double-sided integration circuit 84. The 
double-sided integration circuit 84 is an active integrated 
circuit device. Device 84 can perform such functionality as 
logic, memory, application speci?c (ASIC), or embedded 
integrated passive device (IPD). The double-sided integration 
circuit can function as a semiconductor interposer, in that the 
Wafer can provide structural support Without providing addi 
tional electronics functionality; yet function to provide the 
distribution of electrical signals from a source to a destina 
tion. 

[0053] Device 84 can route signals on both the top and 
bottom surfaces of the device. Signal routes can be provided 
by having single or multiple pads 52 and 72 along the X-Y 
directions. A series of through-hole interconnections 54 
routes signals along the Z direction. 
[0054] Device 84 can include various interconnection pads 
to accommodate such signal transfer mediums as Wire, 
bumps, and other passive component interconnections as Will 
be further described. Device 84, as With other materials com 
prising the overall semiconductor device 80, can include sili 
con (Si), gallium arsenide (GaAs), or any other suitable semi 
conductor material or a combination thereof. 

[0055] The side Walls of the double sided integration circuit 
84 are protected by encapsulant 64, as denoted by arroWs 86. 
As a result, the Wafer level integration device 80 is made more 
reliable and more resilient, particularly to handling steps. 
[0056] Wafer level integration packages such as package/ 
device 80 can include single or multiple integrated circuit 
(IC) devices Which can be attached onto a top or a bottom side 
of the double-sided integration circuit device 84. The IC 
devices can be Wire-bondable, ?ip chip, passive components, 
or a combination thereof. The IC devices can be arranged in a 
side-by-side con?guration or by stacking. The various con 
?gurations are applicable to both respective top and bottom 
sides of the double-sided integration circuit device 84. 

[0057] Package/ device 80 can be used as an inner stacking 
module (ISM) for package-in-package con?guration, as Will 
be later described. Package/device 80 can also be used as a 
conventional ball grid array (BGA) package 80, Whereby 
package 80 can be attached onto a substrate for further pack 
aging and/ or testing. 
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[0058] Turning to FIG. 4, a second exemplary embodiment 
of a Wafer level integration package 88 is shown. Package 88 
includes a passive device 82 as previously seen. Dielectric 
layer 74 as con?gured and formed renders a series of lands 90 
Which expose pads 72. The lands 90 can be intended to pro 
vide electrical connectivity for speci?c applications. The 
lands 90 can be formed in a variety of con?gurations to 
expose as much or as little of a portion of a respective pad 72 
as needed. 

[0059] FIG. 5 illustrates an additional, third embodiment of 
a Wafer level integration package 92, Where the incorporated 
?ip chip IC 58 has an exposed top surface 94. In the instant 
embodiment, encapsulant 64 is formed such that the top sur 
face of ?ip chip IC 58 is exposed for a particular application, 
such as to provide a smaller, thinner package 92. Encapsulant 
64 canbe deposited such that surface 94 is exposed, or surface 
94 can be later exposed through a grinding procedure or a 
similar mechanical operation to reduce the coverage of 
encapsulant 64. 
[0060] A variant of the exposed surface package 92 is seen 
in FIG. 6 as a thermally enhanced Wafer level integration 
package 96, Where an adhesive material 98 is disposed over 
the top surface of die 58. The adhesive couples a heat spreader 
100 structure to the top surface of die 58 to dissipate heat 
across the top surface of the package. The heat spreader 100 
can also incorporate other thermal characteristics to enhance 
the overall performance of package 96 in certain conditions. 
[0061] FIG. 7 illustrates a Wafer level integration package 
102, Which incorporates an electrical shield structure 106. 
The electrical shield structure 106 is coupled to a portion of 
Wafer 50 using an adhesive structure 104 and surrounds and 
shields electrical components, i.e., die 58 and/ or other passive 
components 82, Which are housed interior to shield structure 
106. Structure 106 and adhesive mounts 104 are surrounded 
by encapsulant 64 to provide additional structural support to 
package 102. The shield is made of metal cap With holes to 
alloW encapsulation. The shield prevents signal interference 
betWeen devices Within the package as Well as outside pack 
age. Any interference Will distort signal transmission, Which 
can be problematic in RF applications. 
[0062] FIG. 8 illustrates an additional embodiment of a 
Wafer level integration package 108 incorporating a Wire 
bondable die 110, Which is connected by Wires 112 to Wire 
bonding pads 114. Wire-bonding pads 114 are integrated into 
the topside of Wafer 50 in a manner similar to pads 52. Pads 52 
can be modi?ed to accept Wire-bonding as indicated. Wire 
bond IC 110 and Wires 112 are covered With encapsulant 64 to 
provide structural support. 
[0063] In an additional embodiment, FIG. 9 illustrates a 
Wafer level integration package 80 Which is then disposed 
over a bumped substrate to render a package-in-package (PiP) 
118 con?guration. Package 80 serves as an ISM, as previ 
ously described, for PiP implementations. 
[0064] A die adhesive 120 is utiliZed to mount the Wafer 
level integration package 80 to a surface of a bumped sub 
strate 122. A series of vias 128 or similar structures carry 
electrical signals through substrate 122 to a series of balls 78, 
Which are disposed on a bottom surface of substrate 122. 

[0065] An additional die or package 124 is disposed over 
device 80. Die or package 124 is electrically connected to 
device 80 using bumps 130. A bump pad 72 carries electrical 
signals over a Wire 112 to an electrical terminal 126 of 
bumped substrate 122. 
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[0066] A second encapsulant 132 is disposed over package 
80 and package 124 or die 124 as seen to form a complete 
package-in-package con?guration 118. A variety of dies or 
packages 124 can be incorporated With device 80 to suit a 
particular application. 
[0067] While one or more embodiments of the present 
invention have been illustrated in detail, the skilled artisan 
Will appreciate that modi?cations and adaptations to those 
embodiments may be made Without departing from the scope 
of the present invention as set forth in the folloWing claims. 

1. A method of forming a semiconductor package, com 
prising: 

providing a Wafer having a ?rst electrical contact pad inte 
grated into a top surface of the Wafer; 

forming a through-hole interconnection extending doWn 
Ward from a ?rst surface of the ?rst electrical contact 

Pad; 
electrically connecting a die to a second surface of the ?rst 

electrical contact pad; 
cutting the Wafer to form a channel portion and a connect 

ing portion; 
disposing an encapsulant over the die and the channel 

portion; 
backgrinding the Wafer to remove the connecting portion 

and expose a surface of the through-hole interconnec 
tion; 

disposing a second electrical contact pad over the surface 
of the through-hole interconnection; and 

disposing a dielectric layer along a side surface of the 
second electrical contact pad. 

2. The method of claim 1, further including disposing a 
solder bump betWeen the die and the ?rst electrical contact 
pad to electrically connect the die to the ?rst electrical contact 
pad. 

3. The method of claim 1, further including disposing an 
under?ll material betWeen the die and the ?rst electrical con 
tact pad to provide structural support. 

4. The method of claim 1, further including connecting a 
solder ball to the second electrical contact pad to provide 
electrical connectivity. 

5. The method of claim 4, further including testing the die 
for functionality. 

6. The method of claim 4, further including singulating the 
Wafer into an individual segment containing the die. 

7. The method of claim 1, Wherein the die includes a ?ip 
chip semiconductor device, a Wire bond semiconductor 
device, a passive component, or a combination thereof. 

8. The method of claim 1, Wherein the dielectric layer is 
disposed to form a plurality of lands extending across a bot 
tom surface of the semiconductor device. 

9. The method of claim 1, further including electrically 
connecting a passive component to the ?rst surface of the ?rst 
electrical contact pad. 

10. A semiconductor package, comprising: 
a Wafer having a ?rst electrical contact pad integrated into 

a top surface of the Wafer; 
a through-hole interconnection extending doWnWard from 

a ?rst surface of the ?rst electrical contact pad; 
a die electrically connected to a second surface of the ?rst 

electrical contact pad; 
a second electrical contact pad disposed over a surface of 

the through-hole interconnection; and 
a dielectric layer disposed along a side surface of the sec 

ond electrical contact pad, Wherein: 
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the Wafer is cut to form a channel portion and a connect 
ing portion, 

an encapsulant is disposed over the die and the channel 
portion, and 

the Wafer is backgrinded to remove the connecting por 
tion and expose the surface of the through-hole inter 
connection. 

11. The semiconductor package of claim 10, further 
including a solder bump disposed betWeen the die and the ?rst 
electrical contact pad to electrically connect the die to the ?rst 
electrical contact pad. 

12. The semiconductor package of claim 10, further 
including an under?ll material disposed betWeen the die and 
the ?rst electrical contact pad to provide structural support. 

13. The semiconductor package of claim 10, Wherein the 
die includes a ?ip chip semiconductor device, a Wire bond 
semiconductor device, a passive component, or a combina 
tion thereof. 

14. The semiconductor device of claim 10, Wherein the 
dielectric layer is disposed in a pattern to render a plurality of 
lands extending across a bottom surface of the semiconductor 
device. 

15. The semiconductor device of claim 10, further includ 
ing a passive component electrically connected to the ?rst 
surface of the ?rst electrical contact pad. 

16. The semiconductor device of claim 10, Wherein the 
encapsulant is disposed such that a top surface of the die is 
exposed. 

17. The semiconductor device of claim 16, further includ 
ing an adhesive layer disposed over the top surface of the die, 
and a heat spreader structure disposed over the adhesive to 
render a thermally enhanced semiconductor package. 

18. The semiconductor device of claim 10, further includ 
ing an electrical shield structure disposed above the die to 
electrically shield the die. 

19. A semiconductor package, comprising: 
a Wafer having a ?rst electrical contact pad integrated into 

a top surface of the Wafer; 
a through-hole interconnection extending doWnWard from 

a ?rst surface of the ?rst electrical contact pad; 
a ?rst die electrically connected to a second surface of the 

?rst electrical contact pad; 
a second electrical contact pad disposed over a surface of 

the through-hole interconnection; 
a dielectric layer disposed along a ?rst surface of the sec 

ond electrical contact pad; and 
a second die electrically connected to a second surface of 

the second electrical contact pad, Wherein: 
the Wafer is cut to form a channel portion and a connect 

ing portion, 
a ?rst encapsulant is disposed over the die and the chan 

nel portion, and 
the Wafer is backgrinded to remove the connecting por 

tion and expose the surface of the through-hole inter 
connection. 

20. The semiconductor package of claim 19, further 
including a substrate and an electrical terminal deposited over 
the substrate, Wherein the second surface of the ?rst electrical 
contact pad is Wire-bonded to the electrical terminal. 
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21. The semiconductor package of claim 20, further 
including a second encapsulant formed over the ?rst die, the 
second die and the electrical terminal to form a package-in 
package con?guration. 

22. The semiconductor package of claim 21, further 
including a solder ball mounted to the substrate and electri 
cally connected to the electrical terminal. 

23. The semiconductor package of claim 20, Wherein the 
?rst encapsulant is connected to the substrate using a die 
adhesive material. 

24. The semiconductor package of claim 19, Wherein the 
Wafer is con?gured as a double-sided integration circuit. 

25. The semiconductor package of claim 20, Wherein the 
substrate is a printed circuit board (PCB). 

26. A method of manufacturing a semiconductor device, 
comprising: 

providing a Wafer having a ?rst electrical contact pad inte 
grated into a top surface of the Wafer; 

providing a through-hole interconnection extending doWn 
Ward from a ?rst surface of the ?rst electrical contact 

Pad; 
providing a die electrically connected to a second surface 

of the ?rst electrical contact pad; 
providing a second electrical contact pad disposed over a 

surface of the through-hole interconnection; and 
providing a dielectric layer disposed along a side surface of 

the second electrical contact pad, Wherein: 
the Wafer is cut to form a channel portion and a connect 

ing portion, 
an encapsulant is disposed over the die and the channel 

portion, and 
the Wafer is backgrinded to remove the connecting por 

tion and expose the surface of the through-hole inter 
connection. 

27. The method of manufacture of claim 26, further includ 
ing providing a solder bump disposed betWeen the die and the 
?rst electrical contact pad to electrically connect the die to the 
?rst electrical contact pad. 

28. The method of manufacture of claim 26, further includ 
ing providing an under?ll material disposed betWeen the die 
and the ?rst electrical contact pad to provide structural sup 
port. 

29. The method of manufacture of claim 26, Wherein the 
die includes a ?ip chip semiconductor device, a Wire bond 
semiconductor device, a passive component, or a combina 
tion thereof. 

30. The method of manufacture of claim 26, Wherein the 
dielectric layer is disposed in a pattern to render a plurality of 
lands extending across a bottom surface of the semiconductor 
device. 

31. The method of manufacture of claim 26, further includ 
ing providing a passive component electrically connected to 
the ?rst surface of the ?rst electrical contact pad. 

32. The method of manufacture of claim 26, Wherein the 
encapsulant is disposed such that a top surface of the die is 
exposed. 

33. The method of manufacture of claim 32, further includ 
ing providing an adhesive layer disposed over the top surface 
of the die, and a heat spreader structure disposed over the 
adhesive to render a thermally enhanced semiconductor 
package. 


